Abstract
Introduction
Change detection is based on the same area at different times of the comparison of two or more remote sensing image analysis, and the differences between image features change to get the required information. Because the landscape is affected by the general changes in the environment and human activities have been changing, effectively monitoring the change information, analyzing the characteristics of the dynamic change and reason and resource management department of environmental protection is an urgent need to solve the problem, and remote sensing image change detection is monitoring and dynamic change information is an effective method. It can use the computer to the same area at different times of comparison and analysis of remote sensing images and get the feature change information to make people able to be quickly focused in the area of interest, so as to improve the efficiency of the interpretation of remote sensing image interpretation [1] [2] . Remote sensing image processing and the understanding of the content, mainly including the remote sensing image registration, correction, de-noising, edge detection, classification, segmentation, feature extraction, object recognition and fusion processing, and change detection, etc. By studying the content, finally can meet the demand of automatic interpretation of remote sensing images. Among them, the remote sensing image can provide large range of dynamic observation data, has the continuity of
Figure 1. The Example of the Remote Sensing Image Detection Task
The existing change detection methodologies could be summarized as the following parts. (1) The image difference method. This test method is the most easy to understand, it will not phase image at the same time, in accordance with the band of wavelengths like the object way difference one by one, get a new pair of difference image, then analyze the difference image processing. Usually for the precise registration of homologous remote sensing image effect is very good also [4] . ( 2) The correlation coefficient method. Correlation coefficient method to calculate time of corresponding pixel in image correlation coefficient, the results of represents the two times corresponding to the correlation of pixels in the image. Usually take window, computation of the two images corresponding to the correlation coefficient of the windows to show the correlation of window center pixel [5] [6] . (3) Image ratio method. This kind of the processing method and differential method are very similar, and is suitable for extracting the brightness change of absolute value is not big, but with the original brightness the proportion of relatively large changes in the value. Changes in and did not like the division of when use experience to determine methods lack of mature and effective change threshold determination method. (4) Image regression methodology. Threshold method to determine areas for change after dealing with the return of the remote sensing data to a certain extent, like dried radiation correction of the relative correction, so this can weaken long phase of data due to atmospheric conditions and adverse effect brought by the different angle of the sun, also can be seen that pretreatment of radiation correction for the effect of this method is not very big. (5) Spectral characteristic variation method. Multi-band remote sensing data fusion in the different source, reflex response curves of same object should be consistent, but if information is inconsistent, then after fusion image spectrum act is different from normal feature and at this time is called the spectral characteristic variation features and these features town in order to pass the image interpretation drew out. (6) Change vector analysis method. Spectral change vector analysis method is based on not change by the radiation between the phase images at the same time, analyzes the differences of each band, determine the strength and direction of change. To the remote sensing images of different time, the image spectrum measurement, each like the pixel can generate a change direction and strength change of two feature vectors [7] [8] . In the figure two, we demonstrate the change detection procedure from the algorithmic perspective.
Figure 2. The Algorithmic Description of the Image Change Detection Procedure
Game theory is a mathematical method is used to study the nature of the confrontation or the cooperation in the competition and it is an important branch of operational research. The previous mathematics is established for the development of physics and it describes the main behavior is the objective world and is not subjective economic activity, the object of study is more like a game of the participants, between each other, which describes the object of study need different mathematical tool, the new mathematical tool, is the game theory [9] [10] [11] . In the game theory, both for complete information game or for the incomplete of information game, it has a very standard definition. Complete information game are defined as follows: under the given any strategy combination, if all game players can clear any other game participants' benefits, then this game is the complete information game. If we can't clear the other game participants' benefits, even if the only one game participants' benefits is not clear, the game is incomplete information game, not clear here refers to the participants subjective judgment and think that the benefits of other participants may have the possibility of the variety of the unknown. We will adopt the concept of the game theory in the later discussion.
The rest of this paper is organized as the follows. In the section two, we review the recent proposed novel algorithms for the image change detection which will serve as introduction of our work. In the section three, we analyze the principles of the game theory and the potential application points for our research. In the section four, we analyze the optimization approach based on the mathematical analysis for the later discussion. In the section five, we propose the algorithm of our researched with the theoretical analysis and discussion. In the section six, we conduct theoretical simulation on the proposed algorithm compared with the others. Finally, we conclude the research and settle down the future research orientation.
Literature Review and Analysis
In this part, we review the latest research on the topic of the image change detection. In [12] , Txomin Hermosilla proposed novel research with annual gap-free surface reflectance composites. In their research, the take different classification model, clustering of difference image segmentation, expects to get the optimal global threshold, which will change with the regional division. That paper proposes a quantum immune clonal clustering algorithm based on the change detection methods to achieve the change detection with clustering, the change detection problem of area as combinatorial optimization problem. In [13] , Peijun Du conducts research on the hierarchical unsupervised change detection in multi-temporal hyperspectral images. A multi-band remote sensing image change detection method based on MRF using the MRF model integration difference change information of the image of each band. Method overcome the deficiency of the traditional change detection method it can obtain better testing information, the result can be for land use cover change detection, environmental testing and the other fields to provide decision support. In [14] , Bruzzone, L. conducts research on the very high resolution image change detection. They proposed that images regularly acquired over urban areas opens new attractive opportunities for monitoring human settlements at the level of the individual buildings. In [15] , Haoxiang conduct research on the image restoration and change detection based on game theory. They pointed out that restoration of images plays a de-noising role due to complex movement while obtaining a SAR image. The segmentation procedure transfers the difference map into change map. In [16] Lifeng Lai proposed research on byzantine fault tolerant of the distributed quickest change detection. They introduce and solve the problem of Byzantine fault tolerant distributed quickest change detection in both continuous and discrete-time setups. More reviews could be found in [17] [18] [19] [20] [21] [22] [23] [24] [25] .
The Game Theory and the Applications
For a game, the games of the participants are called players, like the game player, usually set by the N players. A game should have at least two players, or otherwise will not be able to constitute a game. In any game, each player at least has more than one strategy, as well as the ability to make decisions for strategy. The reason is that when a player is only one strategy, regardless of the opponent's strategy change, he can effectively make the "suspense" option. The ability to make decisions for the strategy means players can completely and choose the strategy, not forced or involuntary selection strategy. In the formula one, we define strategy of game where the n P denotes the payoff function [26] [27] .
Nashville equilibrium refers to a strategy portfolio as all of the participants faced such a situation, when others don't change strategy, his strategy is optimal.
The optimal dynamic and based on the evolution of the replication dynamic response is the most commonly used two kinds of the dynamic decision-making mechanism. The optimal of reaction dynamic mechanism is generally used when game rational degree is higher, have fast learning ability and when the game people rational degree is low or involves the collective decisions, is generally the replication dynamic mechanism of biological evolution simulation game studies and dynamic adjustment strategy. The formula 3 defines the process.
In the formula three, the f denotes average fitness and adapt to the function. By the above theory, we propose the following definitions.
 is represented as the possession of strategy. In other words, if a selection strategy of the S less than the population average fitness, the fitness of the individual well selection strategy S the proportion of individuals in a group of will as the evolution of time and decreasing. The optimal policy set and Nash equilibrium is the same. So the strategy is a pure strategy Nash equilibrium, at this time of every participant to meet:
Evolution as an extract from the phenomenon of life important adaptive mechanism has to common understanding and the widely used, but the evolution of the existing model of a common deficiencies is not very well reflect the common facts. In game theory and artificial intelligence in the process of common development, a key problem is how to establish the mathematical model based on game theory, the mathematical model to abstract the conducive to the interests of the game using the contradictions, as well as the interests of both sides, so as to construct the game subject, thus introducing the game theory [28] [29] .
 Bureau of nature is the natural formation of the main a game and it is determined by bureau of nature's profit function. How to construct natural player revenue function and corresponding policy set has become a key factor influence efficiency of game.
 Virtual players is main person build a game and the interests of the corresponding are required by the optimization goal, it is decided by natural players work together. This means that virtual players can only passive choice whether to accept the strategy.
The above principles denote the primary standards for the performance modification. To achieve the optimal solution for the issues, we should obey the following rule.
From a mathematical point of view, the co-evolution has the characteristics of game theory and the dynamic characteristics of co-evolution through continuous evolution and eventually reaches a stable equilibrium state because of the characteristic of the problem domain and the steady state is the optimal solution. Assuming that co-evolution algorithm can be represented as a matrix game, as the optimization solution of the game, eventually reach the equilibrium of co-evolution algorithm. Because the game system is completely consistent, when the natural state of the players for unrelated to each other, each natural innings per capita can maximize their own interests and don't need to care about other bureau of nature. When the natural players linked to each other, means that the bureau of nature contain each other, each other need natural bureau middleman layer added consultation mechanism and let bureau of nature to consult each other, draw up each strategy after the bureau of nature are acceptable, and entered the game, game with virtual players. The return matrix is defined below [30] . 
Through the multiple has its own problem of the solving ability and behavior target agents collaborate to achieve the goal of solving complex, large-scale problems. Each of agent may have different objectives, system of overall goal is implemented in the process of various sub-targets synergy, such multiple agents with different target need to its target, and so on carries on the reasonable arrangement of resources to coordinate their behavior. In the following figure three, we demonstrate the two types of the typical game procedures.
Figure 3.The Two Types of the Typical Game Procedures

Mathematical Optimization for Image Processing Tasks
For nonnegative constraint is not enough to gain the image which has the invariance said problems, this chapter puts forward a nonnegative matrix decomposition method based on the terrain constraints and the in the process of the decomposing matrix by introducing a terrain constraints optimization code factor, to study the characteristics of the immutability. Due to topographical constraints is a two layer containing square nonlinear and square root of the nonlinear network of bottom-up and its can through will belong to same subject characteristic of the structure of the related pooling together, makes the related characteristics in a structure of lower dimensional subspace in together. To learn with feature invariance image said [31] .
Nonnegative constraint is not enough to get the sparse representation and the novel norm of sparse constraint to ensure that the sparse coding matrix is proposed as follows.
From the point of view of mathematics, when given a data matrix, to optimize the terrain is network by minimizing the following objective function [32] [33] [34] [35] .
It will belong to the same underlying theme of the structural characteristics of the pooling together, after the forced matrix decomposition of image coding is orderly organization in the same topographic map. Therefore, the sparse coding matrix is modified as follows.
good. Predecessors' although some classic model is established, a lot of the model is designed to log and it is involved in the process of solving the image pixel value is negative. Therefore, to get the optimal solution for the objective function, we could rewrite it as the follows [36] .
Based on the traditional multi-objective and optimization method of mathematics planning principle in the practical engineering optimization problems is often show some vulnerability. The principles of the optimization tasks could be summarized as the follows. (1) The varargs polymerization method. Other of multi-objective optimization evolutionary algorithm is based on the traditional method. In terms of these methods, are aggregated into a multiple objective function with a parameter of single objective optimization functions in different optimization operation, the parameters of the function does not change but at same time in the operation of the change. (2) Switching multiple targets. Not to adapt the multiple targets combined into the single value, this kind of multi-objective optimization evolutionary algorithms in the process of search to switch between the multiple targets. Every time when an individual is selected for reproduction, different target determines which one member of the group is copied into the mating pool. (3) A multi-objective optimization evolutionary algorithm maintains population diversity is very important. But simple genetic algorithm tends to converge to single solution, because the three factors makes the genetic algorithm is often lost some solutions [37] [38] .
Figure 4.The Illustration of the Local Optimal Solution
As demonstrate in the figure 4, there may be some cases concerning of the local optimal. To deal with the challenge, we adopt multi-objective particle swarm optimization algorithm for general modification. It is a kind of based on iterative optimization tools and the system initialization, a set of random solution by iterative search for the optimal value, not only has good global search capability and has the strong local optimization ability. The mathematical description of the algorithm is as follows. Each particle contains for the position of a multi-dimensional vector and speed vector that denoted as the formula 12.
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Each particle's position and velocity update press type is shown as the follows [39] [40] .     
The first part is the speed of the original particles, the greater its value, the more conducive to global search and local search capabilities, its value is small is needed for balanced global and local search ability. The second part is a reflection of the particles themselves, which indicates that their experience to current search tend to attract. Particle swarm optimization algorithm is a kind of new optimization algorithm, according to its own optimal location and its each particle group global optimal location update their speed and position, the particles because of the influence of the group of the global optimal position, quickly converge to global optimal location nearby, it has shown its rapidity, the effectiveness and robustness, and other advantages.
The Proposed Change Detection Algorithm
In the field of remote sensing image application, change detection is of the same area is analyzed by two different periods of remote sensing images, testing to determine the region in a period of change information. Change detection based on pixel level is not at the same time after the registration of remote sensing image in pixels, the level of comparative analysis, whether on each like the basic change and the type of change. This kind of algorithm is the directly using the original pixels, information value change detection, is currently the most widely used change detection technology. Due to the image quality and the change detection scene change constantly. Determine the threshold value in practical application is a difficult job and it is difficult for fixed threshold to determine all the test results and some test results of the algorithm is sensitive to the change of threshold value, the slight change could lead to a threshold detection results in the index changing dramatically.
The Independent Component Analysis
In change detection method based on data transformation, the most widely used principal component analysis and it is through the PCA transform to eliminate the long phase of remote sensing image asked the relevant information, so as to make the change information after the transformation of each component to be enhanced images. PCA is a method based on second order statistics, only in the signal statistical distribution accords with Gaussian, to completely eliminate the signal between the relevant information, and for non-Gaussian signals only to remove the second-order correlation between information. The principle of PCA is through the transformation, the transformation of data to a mutual orthogonal direction vector and gets a set of component orthogonal to each other shown as below.
Independent component analysis is a data processing method appeared in recent years, can be as an extension of PCA, it will be the data transform into each other on the direction of the independence, not only requires the orthogonal between each of the component and need to be independent. We define the signal input in the formula 15. ... , 1,2,...,
The corresponding vector type of the signal could be re-written as the formula 16. 
Because of the ICA was applied to the output of the signal separation vector expected the statistically independent nature, so the first thing needs to be defined is to determine its core independence criteria. In determining the independence of the signal components in the standard, the mutual information based on information theory is one of the commonly used methods. Mutual information is defined as the formula 17. 
The Limited Rational Feature Extraction Algorithm
After add the entropy of the significant figure will increase, it must change the value of the area and edge consistency is better, because the generally change area the edge of the area, belongs to the gradient area, namely the relative to the prospective area change, change is not obvious, the local entropy can use must change the value of the area, improve the value of the gradient area, therefore, to improve local entropy fuzzy change region detection accuracy. Local entropy reflects the image characteristics of discrete degree, where local entropy is big. The image is relatively uniform, small, local entropy image features large discreteness and it has nothing to do with the image characteristics of the mean, so we can according to the local entropy of image is relatively homogeneous target partition as local entropy is window more pixels joint contribution for the single point is not sensitive to noise. To calculate the overall features and the related saliency, we use the following three features as the measurement.
If the change amplitude vector, the greater the change intensity, the greater the also showed that pixel spectrum difference is bigger. If the change of the corresponding pixel vector set amplitude exceeded a certain threshold, the pixels as the group has changed. After calculating the variance of the 3 f , 2 f , 2 f and the direction, we could obtain the four directions of the mean and variance and we get six texture feature with rotation invariant properties of texture feature vector. Simple image direct comparison method no use to the spatial information of image, and no considering the impact of noise or light changes and it is easy to cause virtual test or inspection. How effectively use the image itself contains the spatial information and asked the useful factors of remote sensing images for phase to be a need to solve the problem.
The Core Procedures of the Algorithm
Each pixels, in the remote sensing images by the corresponding mixture of many kinds of feature information, and each signal source independent of the each other, and some of these signal source is stationary, some of them are change. Constitutes the background image can be thought of as a stationary signal source, and change of signal source constitutes the image change, change the image and the background image is also independent of each other.
Remote sensing images before and after the phase are composition of mixed signal image by the background image and change the mix of two independent signal sources. In the ICA method, mixing way to independent signal source is linear, within the implementation in the form of product. In the KICA, using the inner product in the kernel function instead of ICA, nonlinear transform of data is mapped to high-dimensional feature space for the independent component analysis to reduce the error of the result of the nonlinear mixed spectral. 
The Experiment and Simulation
In this section, we simulate the proposed algorithm. In the figure 7, we illustrate the test images and the ground truth reference. In the figure 8~9, we show the two sets of the simulate result that demonstrate the performance of our method compared with other state-of-the-art methods. In the figure 10, we show the change detection accuracy for our algorithm. 
Conclusion
In this paper, we propose novel image change detection model and optimization algorithm based on game theory under the bounded rationality conditions. In the applications of remote sensing images, remote sensing image change detection is detected in the same area is not at the same time the state of remote sensing images. The remote sensing image change detection has very important role in many fields and provides the scientific decision basis for related departments. Our algorithm through the mixed kernel function, considering the difference of the image grayscale characteristics at the same time considering the difference image texture feature and makes change detection results more robust. Using difference image classification thought to avoid the difference image threshold selection problems. Through the comparative analysis on the experimental data, the feasibility and effectiveness of the proposed algorithm is proved. In the future, we will apply our algorithm into the very high resolution images to test the feasibility of the method under the large data environment.
